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ABSTRACT

Polystyrene
(II)

[salen]

diiminato

bis(salicylaldehyde)-propylene-1,3-diiminato

and

Cobalt

Polystyrene

Cobalt

bis(2,4-pentanedione)-propylene-1,3-

(II)

[BAE] were prepared stepwise from chloro-

methylated polystyrene.

In addition, a new preparation of a Schiff

base was attempted resulting in Polystyrene bis(salicylaldehyde)-isobutylene-1,3-diiminoato Cobalt (II) being produced.

Optimum reaction

conditions were determined with regard to time, temperature, reaction
ratios and solvent for each step for the reaction.
The ability of the above named Cobalt (II) Schiff bases to
oxidize 3-methyl indole to give the corresponding o- formyl ami noacetophenone was also studied.

•

One polymer-bound Schiff base cobalt catalyst (co-salen) demonstrated a very small amount of catalytic activity resulting in a
minimum amount of o-formylaminoacetophenone being produced.
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INTRODUCTION

Since
materials

work , 1 ' 2

Merrifield's
for

significantly.

3

synthetic
~5

and

the,

use

catalytic

of

polymer-supported

reactions

has

increased

The object of this research report is the improve-

ment and optimization of reaction conditions involved in the synthesis
of a polymer-bound cobalt (II) Schiff base reported by Idoux, et al. , 6
and the evaluation of its catalytic activity.
The introduction is divided into four parts.
discuss polymeric support materials.
bound organic reagents.

The first will

The second will discuss polymer-

The third section will pro vi de an under-

standing of polymer-bound catalysts and the final section will provide
a background for this study.

Polymeric Support Materials
General Information
The technique, known as

11

Solid Phase Synthesis, 11 was a result of

synthetic studies in polypeptide chemistry by Merrifield's group. 1
The

ide a developed from the use of an i nso l ub l e support for the

attachment of reagents to overcome the problem of separation of the
product, which can be washed away. 7
In choosing a solid support,
in use is of importance.
standpoint are:

the particular catalyst system

The parameters to consider from a chemical

inertness to reagents,

mobility of the attached

2

species and polarity to reactants and products.

Paras i ty of the

support, diffusion barriers of the reactants, the surface area of the
support,

heat

transfer

properties,

mechanical

stability

and

the

thermal stability of the polymer are the engineering parameters which
should also be considered. 8
There

are

(microporous),
crosslinked

three

types of polymer supports:

highly-crosslinked

polymers. 7 ' 9

(macroporous)

Gel-type

resins

and

gel-type resins
resins

and

non-

highly-crosslinked

resins are totally i nso l ub l e in all sol vents whereas non-cross 1inked
polymers (linear chains) can be dissolved in appropriate solvents. 10
In applications as a reagent or protecting group, careful consideration must be taken of all the variables involved before choosing the
physical form of the polymer in order to maximize the advantages of
the polymer system while minimizing potential problems.

Linear vs. Crosslinked
The choice between using a linear support vs.

a crosslinked

support is made on the basis of the so 1ubi 1i ty properties of the
polymer.

Linear

(soluble)

polymers

have the advantage that few

diffusion problems occur with equal accessibility to all functional
groups of the polymer while the reactions are carried out in a homogeneous medium.

Soluble polymers, in general, show high conversions,

but the primary advantage associated with the use of a polymer is at
least partially lost, as separation of the polymer from low molecular

3

weight contaminants may be laborious or di ffi cult. 10

One app l i ca-

tion for which soluble polymers are ideally suited is a single-step
reaction using N-chloro nylons

as halogenating

reagents.

11

~ 14

N-

chloro nylons and unsubstituted nylons show a difference in solubility
which is such that the spent reagent (nylon) precipitates out of
solution as the reaction proceeds.
The poss i bl i ty of side reactions producing unwanted eros slinks
during reactions is another potential problem with the use of linear
polymers.

The greatest ease in processing, on the other hand, exists

with crosslinked polymers, which are insoluble in all solvents and can
be prepared in the form of spherical beads which do not coalesce when
placed in a suspending solvent.

In addition, the spherical beads can

be separated from low molecular weight contaminants by simple filtration and washing with various solvents.

Polymer beads with low

degrees of cross linking swe 11 extensively, in appropriate sol vents,
exposing

their

inner

reactive

groups

to

the

soluble

reagents.

Although factors such as rate of diffusion and pore size may restrict
the reaction, reactions can reasonably be expected to proceed fairly
homogeneously throughout the bead, especially in the case of 1arger
substrates, which may only be able to react at some of the more
accessible sites located on the surface of the beads or within the
larger pores.1o

4
Gels vs. Macroporous
The

two

types

of

crosslinked

polymer

beads

which

frequently encountered are gel and macroporous resins.
differences

in

properties

can

occur,

depending

crosslinking and the method of preparation.

are

most

Considerable

on the

degree of

Suspension polymerization

is generally used to prepare gel polymers which use a vinyl monomer
suspended in water in the presence of low amounts of a cross1inking
agent

(typically 0.5-2%).

spherical

The product is obtained in the form of

beads from this technique, which is eas i 1y handled and in

which the crosslinking sites are randomly distributed.

10

The amount of crosslinking agent used is inversely related to the
pore size in a gel polymer.
pore.

The lower the amount used, the larger the

However, it should be noted that as the degree of cross linking

is increased, the mobility of the polymer chains are reduced.
Gel

polymers,

when compared to

linear polymers,

are

15

ususally

found to be slightly less reactive due to the limitation of diffusion
by the reagent within the resin pores.
effect the

reaction yields,

crosslinked resins,

which

has

The degree of crosslinking can
been demonstrated by highly

resulting in lower yields.

16

This would suggest

that resins with very low degrees of crosslinking would be the most
suitable;

however, when working with 1 i ght ly crosslinked resins, the

ge 1 s become di ffi cult to handle and may,

under some conditions, be

degraded to produce soluble linear fragments.

5

Using higher amounts of the crosslinking agents and a solvent, in
suspension polymerization, results in the preparation of macroreticular or macroporous resins. 17 '18
The main advantage of macroporus resins is the easy accessibility
of reagents to the large interior surface area within the large pores.
Dimensional

stability is another advantage of macroporous resins,

which makes them ideally suited for column applications where better
sol vent flow rates can be achieved than would be the case with gel
polymers.

Disadvantages include, in a number of instances, lower

reactivity, lower capacity and poor mechanical stability of the beads
which would tend to break up when handled repeatedly, with formation
of fine particles which are extremely difficult to work with. 10

Styrene-Based Polymers
Polystyrene crosslinked with divinylbenzene (DVB) has received
the most attention as an organic support and is available with a wide
range of crosslinked densities, surface areas and porosities. 19

Polar

properties are modified by controlled functionalization or preparation
of appropriate copolymers.
inert,

and

the

The basic polymer backbone is chemically

mechanical

transfer properties are poor. 8

and thermal

stabilities and the heat

Clays have received some attention due

to these disadvantages, although they do not have the flexibility of
use of polystyrene.

6

Functionalization of Styrene-Based Polymers Via Chloromethylation
and Other Methods
Functionalization of styrene polymers is accomplished by electrophilic substitution on the aromatic ring.
by

Pepper, 20

the

polystyrene

copolymer

Adopting a procedure used
was

chloromethylated

by

Merrifield 2 using a Lewis acid catalyst, stannic chloride and a cold
solution of chloromethyl methyl ether and chloroform [Eq. (1)].

®-@-CH2Cl

SnCl 4
CHC1 3

Anhydrous

aluminum

chloride

is

a

more

effective

(1)

Friedel-Crafts

catalyst, but it is not desirable s i nee it is incorporated into the
polymer as a complex, cannot be washed away completely with common
solvents

and resists

boron trifluoride 22

hydrolysis. 21
and anhydrous

Improved procedures employing
zinc chloride 23

have also been

described.
Ch l oromethyl groups are readily modified into other functional
groups, in addition to their direct use.

Other functional groups may

be directly introduced into the styrene support polymer by well-known
reaction sequences.
and other functional

An extensive list of modified functional groups
groups

is provided by Mathur, et a l. , 3 and

Frechet. 24
Two of the more important methods of functionalization of styrene
polymers are shown in equations 2 and 3.

7

0@
Q

FeCl 3

---~ P
reflux CC1 4

t

-Br + n-Butyl Lithium

®-@-

0--@
0

P

+ n-Butyl

TMED

Li

e@
0

Lithium-----~ P
quenched C0 2

(2)

COOH

(3)

These reactions, which are the bromo-1 i thi at ion of polystyrene, are
more expensive than the chloromethylation reactions.

The two-step

reaction shown in Equation 2 was reported by Braun 2 5 to give a 96%
yield

of

the

brominated

product.

The

lithiation

product

yield

depended upon the type of polymer used, the degree of bromination and
the solvent.
reaction
di amine

Equation 3 shows a one step nucleophilic substitution

reported
(TMED)

by Chalk, 26

using N,N,N' ,N'

and quenched C0 2 •

tetramethylethylene-

This method is less satisfactory

than the previous two-step method.

Polymer-Bound Reagents
Introduction
Several research groups have utilized polymeric reagents suitable
for nonsequential single-step reactions.

The concept of immobiliza-

tion of a chemical reagent in a polymeric form has been demonstrated,
but is still limited to sma 11- seale syntheses.

As energy costs rise,

8

the value of such reagents greatly aids the simplification of separation

procedures,

which

eliminates

costly

solvent

extraction

and

chromatographic techniques.
Many reactions have used polymeric reagents and their materia 1s
may be classified as ozidizing reagents, redox reagents, reducing
reagents and group transfer reagents.

Polymeric Oxidizing Reagents
One of the earliest reports of the use of an insoluble polymeric
reagent involved the formation of an insoluble peracid reagent for the
use in epoxidation of olefins. 27
copolymer

containing

both

The peracids were prepared using a

carboxylic

and

sulfonic

Reacting the peracids with olefins gave epoxides

acid

groups.

in high yields

[Eq. ( 4)].

0

olefin

(';;\____ II

+ ~RCOOH ------~

epoxide

0
fn\__ II

+ ~RCOH

(4)

In addition, Takagi 28 has reported the preparation of peracids using a
cross 1inked po lymethacryl i c acid.

These resins were unstab 1e, and

recycling resulted in a sharp decrease in polymer capacity; however,
effective epoxidation did take place.

Using an insoluble peracid

reagent has an advantage in that the acid by-products remain attached
to

the

polymer

evaporation.

so

that

the

epoxide can be obtained by simple

9

The synthesis of polymeric peraci ds based on polyvinyl benzoic
acid has a 1so been reported. 29 ' 30

Using the corresponding polymer

acid, acid chloride or aldehyde results in the synthesis of peracids
[ Eq. (5a-c)].

Using methanesul tonic acid and 70% H202 resulted in

high yields (97%) of the peracid [Eq. (5c)].

0-@-cocl
cv-@cHO
cv-@cooH

Na 202

(Sa)

H202

cv-@gOOH

02
03
H202

(5b)

(5c)

RS0 3H

Oxidation of primary and secondary alcohols to carbonyl compounds
has been demonstrated by Cainelli, et al. ; 31 using polymer-supported
chromic acid.

Using the same reagent, aldehydes and ketones were

prepared from allyic and benzylic halides. 32

Additionally, the oxida-

tion of primary and secondary alcohols in good to excellent yields
(75-100%)

has

been

reported

using

chemisorbed

chromyl

chloride

(Cr0 2Cl 2 on silica-alumina). 33
Reacting crosslinked polyvinylpyridine with Cr0 3 in acid solution
has resulted in the preparation of polyvinylpyridium chlorochromate, 34
which has been shown to be similar in oxidizing properties to the
polymer-supported chromic acid polymer previously mentioned.

10

Silver carbonate supported on celite (Fetizon's reagent) 35 has
been used in many applications of organic chemistry, 36 but mainly for
the oxidation of alcohols and lactones, the oxidative coupling of
phenols

and

glycos ides.

for

the improved Konigs-Knorr coupling reactions of

Severa 1 mechanistic aspects of the reaction have been

reported, 37 ' 38

but

the

data

support a mechanism where there

is

reversible absorption of the alcohol on the oxidant surface, resulting
in the HCOH groups being cop l aner.
silver

atoms,

carbon

dioxide

The production of hydrogen ion,

and water occur when a subsequent

irreversible homolytic shift of electrons takes place (Scheme 1).
S-chlorosulfonium chloride polymer acts as a selective oxidant
for alcohols. 39

It can be produced by functionalizing polystyrene to

incorporate a methyl sulfide group 40 ' 41 and then reacting it with
chlorine in the presence of triethylamine [Eq. (6)].

®-@-s-CH3

(6)

Using the chlorinated thioanisole polymeric reagent to oxidize
a,w-diols resulted in higher yields of monoaldehydes (50.2%) than the
dialdehydes (2.2%) [Eq. (7)]. 39
low

(3%),

the

isolation

of

Since the degree of crosslinking was
the

polymeric

functional

group was

attributed to repulsion of similarly charged groups on the polymer.

11

\c /

H---0

/ \H
J

Ag+

Ag+

0

+

Scheme 1.

"
/

C=O

Mechanism for the Reaction of Alcohol with Silver Carbonate
Supported on Celite (Fetizon's Reagent).
·

12

(50.2%)
(7)

(2.2%)

Using nylon-6,6, N-chloropolyamide has been prepared and used for
oxidation of several organic and inorganic substrates. 42

The reaction

is thought to proceed via formation of hypochlorite [Eq. (8)].

(8)

It has been reported that oxidation of aromatic sulfides with
N-chloronylon-6,6 in the presence of optically active alcohols has
given

good yields

of

the

sulfoxide and a limited induction of

asymmetry. 43

Polymeric Oxidation-Reduction Reagents
A comprehensive account of redox polymers (electron-exchange
polymers) has been reported. 44 "' 47

The use of these polymers, to a

1a rge extent, has been limited to oxidation- reduction reactions of
inorganic

systems,

such

as

+

Ce 3 -Ce 4

+

+

'

Fe 2 --Fe 3

+

,

+

Sn 2 --Sn 4

+

and

Ti 3 ~Ti 4 +.

The use of quinone and aminoquinones, in the polymer matrix, is
accomplished by polymerization of vinyl derivatives of hydroquinones
and

by condensation of formaldehyde-hydroquinone.

The structural

13

units shown in Figure 1 are quinone-based redox polymers reported by
Manecke. 47

By introducing electron withdrawing substituents, in these

polymeric quinones, the hydrogen acceptor property of the quinone is
increased.

Polymeric Reducing Reagents
Various
products

noble metals

used

to

have been supported by alumina and the
alkenes. 48 ' 49

hydrogenate

Alumina

or

alumina

impregnated with 2-propanol has been reported in Cannizaaro [Eq. (9)]
and Meerwein-Pondorf-Verley reductions [Eq.

2ArCHO

~

(10)].

50

~ 52

NaOH
----4-

R-C-R I + H3CTHCH3
OH

ArCH 20H

+

ArCOO

Al(OCHMe 2) 3

;;:=:=========~ R~.HR I +

(9)

~

H3CCCH3

(10)

OH

Laloncette, et al. , 53 have shown that cyclic aliphatic ketones
are

reduced

to

the

corresponding alcohols

in good yields

using

potassium-graphite.
Various metal
supports.
synthesized

hydrides have been incorporated into polymeric

An insoluble polymeric organotin dihydride (Scheme 2) was
by Weinshenker,

et

al. , 54

and can be used for the

reduction of carbonyl compounds.
In the case of di carbonyl compounds, such as terephtha l de hyde,
selectivity in the reduction by polymeric hydrides has resulted in up

14

-CH(Me)CH 2 -

-CH-CH 2 -

I

50 2

0=
0=

=0

=0

--CH 2 -CH--

~N

Cl
Cl

I

....,___ _ N - (CH2 )3S03K
II

0

Figure 1.

Quinone-Based Redox Polymers.

15

MgBr 2
----+

etherate

0@0
P

MgBr

(1)

(1)

n-BuSnC1 3

_ _ _ _ _____,.

0@-S
~

1
n- n- 8 u

Cl
(2)

(2)

LiA1H 4
0@-~
----~ P
sn-n-Bu
THF

Scheme 2.

0

8

Synthesis of an Insoluble Polymeric Organotin Dihydride.

16
to 86% of the mono a 1coho 1 being produced.

The restricted access i-

bility of one aldehyde group is thought to provide for the formation
of the monoalcohol, whereas the other aldehyde group becomes reduced
and remains bound to the polymer as tin alkoxide [Eq. (11)]. 54

cv@-jn-n-Bu

---+

ROH

+

cv@-sn-(OCH 2

A selectivity in reducing halides

-@- CHOh

(11)

in the presence of other

funct i ona 1 groups, such as a-bromoacetophenone to acetophenone, was
a 1so di sp 1ayed by the polymeric tin hydride.

The yi e 1ds of the

reduction products are generally high and may be considered slightly
superior to lithium aluminum hydride in this respect. 54
The volatile tin hydride is more toxic, odorous and less stable
than its polymeric counterpart.

Addition a 1 advantages inc 1ude the

regeneration of spent polymeric by-product and simplified work-up
procedure for isolation of the product.
A similar reagent used for the selective reduction of aldehydes
has been prepared by absorbing tributyltin hydride onto silica gel. 55
Poly( 4-vi nyl pyridine) borane was synthesized by Ha 11 ens 1eben 5 6
and used for the reduction of carbonyl compounds (Scheme 3).

Based on

a macroporous resin and placed in a column, the reduction yields were
generally low with the polymeric borane, but the polymeric reagent was
able to be regenerated.

17

-(CH 2-CH) -

-(CH 2 -CH) -

@

@

N

N

HCl

BH 3
(1)

-(CH2-CH) n(1)

(2)

-(CH 2 -CH) n(2) _ _ _ _ _ _ _...,...

B(OH)3
+

R'RCHOH

Scheme 3.

Synthesis of Poly(4-vinylpyridine) Borane and Reduction of
Carbonyl Compounds.

18

Polymeric Group Transfer Reagents
Halogens

have

been

introduced

into

molecules

of

polymeric

reagents by nucleophilic displacement and electrophilic addition.

One

halide has been exchanged for another in various anion exchange resins
carrying fluorine, chlorine, bromine and iodine. 32
amine

anion-exchange

Using a standard

resin loaded with fluoride anions,

sulfonyl

fluorides have been prepared to exchange halogen anions with various
sulfonyl chlorides. 57

Polymeric aryliodine (III) difluoride has been

reported by Zupan 58 to add fluorine to phenyl-substitute alkenes.

The

polymer behaves as an e 1ectophi l e and adds to the a 1kene forming a
carboni urn ion, which is attacked by a fluoride ion.
of 1,1-difluoroalkanes

The formation

occurs when the polymer-molecule adduct

is

broken up.
Secondary bromo, i odo and tosyl groups have been rep 1aced by
chlorine

in

Phosgene
oxide

several

was

aliphatic

compounds

using

Graphite-SbC1 5

reacted with polymeric trisubstituted phosphine

to produce polymeric trisubstituted phosphine dichloride. 61

Acid ch 1ori des were then prepared from carboxylic acids with the
by-product being regenerated [Eq. (12)].

(1) + RCOCl

(12)

19

The

polymeric

oxidation

of

the

triphosphine
corresponding

oxide

can

also

be

prepared

phosphine

with

peracetic

by
acid

[Eq. (13)].

(13)

Polymers incorporating mixed anhydrides of benzoic and carboxylic
acids have been reported. 62

N

64

The synthesis of a polymer containing

the unsymmetrical anhydride derived from succinic and acetic acids has
been reported by Yanagisawa, et al. 65 ' 66

A quantitative yield of

N-acetylcyclohexylamine was obtained when the polymer was reacted with
cyclohexylamine.
A mixture of esters or ami des generally can be expected, when
mixed anhydrides of carboxylic acids are reacted with a 1coho 1s or
ami ne s [ Eq. ( 14) ] .

ROH

(14)

Steric or electronic factors will determine the relative ratio of the
two products.

A carboxylic acid, which has its carbonyl group more
+

polarized [ C-0-], will give higher yields of the ester while a
sterically hindered carboxylic acid will give lower yields of ester.
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In the case of mixed anhydrides of polymeric acids, steric factors are
more significant.

Using benzoic acid anhydride polymers resulted in

the formation of benzamides [Eq. (15)].

~

v&C0-0-CO

Acylation

@
0 _RNH____,. ~
2

v&CONHR + C6 H5 CONHR

of 7-aminocephalosporanic

acid

using

(15)

polymer-bound

mixed carbonic carboxylic anhydrides has been reported by Martin,
et al. 67
Anion-exchange resins have been used in nucleophilic substition
reactions.

Benzyl

cyanide was prepared by Gordon,

et al. , 68 by

reacting benzyl bromide with an anion-exchange resin, IRA-400 (cyanide
form).

Using resin-bound nucleophiles allows reactions to be carried

out in a column with elution of the product (Scheme 4).
Using resin-bound phenoxide as the nucleophile, benzyl ethers
were similarly prepared by the reaction with benzyl bromide. 69

Polymer-Bound Catalysts
Polymer-Supported Transition Metal Catalysts
Several so 1ub l e transition metal catalysts have been deve 1oped
during the past decade.

Homogeneous catalysts have a higher substrate

selectivity and better reproduci bi 1 i ty in catalyzed reactions than
their heterogeneous catalyst counterpart which is widely used in
industry.

Homogeneous catalysts have not been preferred even with

21

Scheme 4.

Reaction of Benzyl Bromide with an Anion-Exchange Resin
Containing Cyanide.
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these advantages because their recovery and separation from the lowmolecular-weight reactants and products is difficult and results in a
considerable loss of the expensive metal catalyst.
To overcome this problem, preparation of a homogeneous catalyst
1n heterogeneous form has been investigated by binding a homogeneous
catalyst to an inorganic carrier which is bound to a polymer support.
The properties of the catalyst lie between those of homogeneous
and heterogeneous catalysts, with the following advantages resulting
from the polymer-bound transition metal complex.
1.

When bound to the resin, homogeneous catalytic activity is
retained.

2.

The convenience and economy of heterogeneous catalysts is
attained.

3.

Substrate selectively is increased and the steric environment is altered.

4.

Greater

catalytic

activity

is

gained

by

avoiding

the

formation of ligand-ligand complexes.
5.

Polymer-bound catalysts can be used at temperatures below
100°C and at ambient pressure.

The dual

nature of polymer-bound catalysts as homogeneous or

heterogeneous has been recognized.

70

~ 72

Homogeneous Transition Metal Complex Catalysts
In order to function as a homogeneous catalyst, a transition
metal complex must have an open coordination site on which to bind the

23

reactants.

The catalytic act i vity of a homogeneous catalyst occurs by

binding the reactants

to the metal

complex and their subsequent

transfer to the substrate, thereby regenerating the free catalyst.
The metal complex can also be bound to alkenes through rr-bonding.

If

the complex dimerizes during the opening of the active site, a loss 1n
activity in a homogeneous catalyst occurs.
Active catalysts, similar to homogeneous ones, are expected if
the transition metal complexes can be bound to a polymer, and if the
polymer is rigid enough to separate the binding sites.

Additionally,

these polymers would result in easy recovery and reuse.

Many reviews

have

been

prepared

on

the

preparation

and

application

of

such

catalysts and industrial processes. 7 0,71,73,74

Preparation of Polymer-Supported Catalysts
Many transition metal complexes which are useful catalysts for
hydrogenation,

hydroformylation,

hydrosilylation,

etc.,

have

been

attached to resins.
Functionalized polymers containing ligands with oxygen and nitrogen are prepared for binding of transition metal complexes, although
certain transition metal complexes have been bound to unfunctionalized
copolystyrene via rr-bonding through the benzene ring. 75
The most commonly employed groups on polymers are phosphine,
cyclopentadienyl and various amine ligands.
Di phenyl phosphi nomethyl
coworkers 76

resin

was

prepared

by

Grubbs

using chloromethlated styrene-divinylbenzene resin.

and
A

24

potent Wilkinson

hydrogenation catalyst was attached [(Ph 3 P) 3 RhCl]

producing a polymeric catalyst (Scheme 5).

Crosslinked polystyrene

with para-diphenylphosphine was reported by Collman, et al. , 77 to form
superior hydrogenation catalysts when reacted with rhodium and iridium
complexes.
The most common of the amine groups used to coordinate the metal
Chauvin, et al. , 78 have

ligand are those groups containing pyridine.

bound transition metals to linear and crosslinked polyvinylpyridines.
Bipyridine has

also been introduced into a po l ystyrene matrix and

shown to bind various transition metals.
binding group,

79

A more specific metal

N,N'-bis(2-pyridylmet hyl)-2 ~ 2-diam i nob i phenyl

has been

incorporated in a polymer support by Melby (Fig ure 2). 80
Using a metal

complex having weaker or s i mi 1a r 1 i gands a 11 ows

attachment to the function a 1 i zed po 1ymer by equ i 1 i brat ion wi th t he
polymer 1 i gand.

The mode of attachment may i nvo lve eithe r disp l ace-

ment of a low-molecular-weight ligand or addit i on of the po l yme ri c
ligand, depending upon the nature of the transi t ion meta l compl ex a nd
the amount of crosslinking in the polymer.
It is difficult to get metal species t hat are exact a na logs of
active

homogeneous

catalysts,

catalyst) or RuCl 2 (PPh 3 ) 3

,

such

as

RhCl(PPh 3 ) 3

to attach to resins. 81

(Wilkinso n• s

No mor e t han two

adjacent or alternate -PPh 3 units are able t o coord inate to the same
metal

due

to

steric

requirements.

The

equivale nt

of

t ri dentate

coordination occurs in rare cases when a third -PPh 3 1 i gand i n c 1 ose

25

(1)---!':l--~
~CH
2 PPh 2 -R\hCl
(Ph P) RhCl
~
3

+ Ph 3 P

3

(Ph 3 P) 2

Scheme 5.

Preparation of a Polymeric Wilkinson
Hydrogenation Catalyst.
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Figure 2.

N,N'-bis(2-pyridylmethyl)-2,2'-diaminobiphenyl.
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proximity

on

a

neighboring

chain

participates.

Thus,

supported

catalysts are i nvari ably mixed camp l exes of polymeric and monomeric
ligands.
The
complexes

preparation

of

some

mixed

polymeric

phosphine-carbonyl

has been reported by Pittman and Evans. 73

Ultraviolet

i rradi at ion, in some cases, has been used to facilitate ligand displacement (Scheme 6).
Titanocene complexes exemplify one of the advantages of incorporating metals into polymeric supports.
readily
activity.

form

dimers

and

result

in

Soluble t i tanocene camp l exes
poor

hydrogenation

catalytic

Grubbs, et a l. , 82 produced a resin camp lex by attaching

titanocene to a 2% crosslinked resin, but only 15% catalytic activity
was demonstrated in comparison to the homogeneous complex.

A catalyst

60 times more active than the homogeneous catalysts was produced when
the same complex was attached to a 20% crosslinked polymeric ligand.
Upon reduction, using butylithium or sodium naphthalide, the polymeric
t i tanocene di ch 1ori de yi e 1ded a gray polymer that readily catalyzed
hydrogenation of olefins and acetylenes (Scheme 7).

This demonstrated

that some coordinately unsaturated catalytic sites were formed.

Structure of Metal Complexes Bound to Polymers
Detailed

information

is

very difficult to obtain about the

structure of polymeric catalysts.

The mo 1e ratio of the polymeric

ligand and the complexed metal can be obtained by elemental analysis,
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<?

Mn(C0) 3

~

®-PPH 2 - - - - - - - - - P 0-PPh 2 -Mn
11 or u.v.
c6 'co

Scheme 6.

Ligand Displacement Facilitated by Ultraviolet Irradiation.
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CH 2

a

CH -@Li+

Ch 3 Li

2

(1)

TiC1 3
(1)--------+

0@CH -®
2

- /Cl

Ti/

/Q\
"V

~Cl

(2)

(2)------~

Ti

Scheme 7.

Preparation and Reduction of Ti tanocene Di ch 1ori de (2).
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but the exact mode of attachment of the metal atom to the polymeric
and non-polymeric ligands is hard to obtain. In most cases, the linking of a metal complex generally proceeds
by substitution.

The number of polymeric ligands coordinating to the

metal can be taken to be equal to the number of low-molecular-weight
ligands displaced, unless there has been chelation due to bridging. 3
Comparison of IR spectra has been helpful

in determining the

structure whenever a low-molecular-weight analog of the polymeric
complex is available.

Reactions Catalyzed by Polymer-Supported Catalysts
The most widely studied homogeneous hydrogenation catalyst is
Tris(triphenylphosphine)chlororhodium
Wilkinson 1 s catalyst.

(I)

[RhCl(PPh 3 ) 3 ]

known

as

Similar catalysts have been prepared for use

in hydr·ogenat ion and reduction of a l kenes, eye loa l kenes, di enes and
alkynes, demonstrating their wide spread application. 83
Catalytic activity has been observed with polymers containing
phosphine l i gands 84 and acid groups, such as po lyacryl i c aci d85 and
anthranlic acid. 86
Polymer-supported catalysts have been used extensively for hydroformylation reactions. 73 ' 75 ' 87

The addition of an aldehyde group to

the terminal or the internal carbon atom of an alkene is shown in
equation (16).
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catalyst
R-CH=CH 2

+

CO

+

H2

(16)

The re 1at i ve ratio of the two a 1de hydes formed is dependent on the
catalyst used.
Hydrosilylation

refers

to

the

reaction

of

an

organosilicon

hydride with an alkene in the presence of a catalyst resulting in the
formation of a C--Si bond [Eq. (17)].

This reaction is catalyzed by

many homogeneous and some polymer-bound transition metal complexes. 88

catalyst
R-CH=CH 2 + HSi (0Et) 3

(17)

----~

Complexes of Schiff Bases
It

is

well

known

that Schiff bases will

especially Cobalt (II) and Cobalt (III). 90 ' 91

complex metals, 89

Complexes are formed by

these bases with other functional groups such as the phenolic Schiff
base that will complex copper ions. 92
Salicylaldehyde and 2,4-pentanedione are two of the most important carbonyl compounds used to form Schiff bases.

The preparation of

these two complexes with Co(II) will be examined in this study.
The preparation of so 1ub 1e Co( I I) sa 1i cyl a 1de hyde camp 1ex (Cosa 1en), shown in Figure 3, can be prepared by two methods. 93

The

first preparation i nvo 1ves the formation of Schiff base and complexation

occurring

simultaneously in solution, while the second

32

Figure 3.

Soluble Cobalt (II) Salicylaldehyde Complex.
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preparation has cobalt already complexed with the salicylaldehyde and
then chelating with the amine.
Cobalt (II) 2,4-pentanedione complex (Co-BAE), shown in Figure 4,
is prepared by complexing the cobalt (II) salt with a 2,4-pentanedione
(acetylacetone) Schiff base.

The complex was recovered by Morgan and

Smith 94 by reacting cobalt chloride with hot water, sodium hydroxide
and the 2, 4-pentanedi one Schiff base.
under a nitrogen blanket,

By conducting the reaction

the sodium hydroxide was eliminated. 95

Molecular oxygen has been reported to be reversibly taken up by
Co-BAE and Co-salen in approtic solvents to give 1:1 oxygen adducts. 95
App 1i cation as a method for i so 1at i ng pure oxygen from air, in the
gasification of coal, is being studied. 96

Background for This Study
Homogeneous catalysis for the oxidation of phenol with molecular
oxygen in organic media has been shown to occur using Cob a 1t (I I)
Schiff base complexes such as Co-salen and Co-salpr [where salpr
bis(3-salicylideneaminopropyl) amine]. 97

100
tv

=

In addition, the oxy-

genation of 3- hydroxyfl a vane to give the corresponding deps ides, in
exce 11 ent yi e 1ds,

is catalyzed by Co- sal en. 101

An intermediate is

formed through an electron transfer process which rationalizes the
catalytic oxygenation of 3- hydroxyfl a vane (Scheme 8).

This oxygena-

tion is similar to the oxygenation of substituted phenols catalyzed by
Cobalt (II) Schiff base complexes. 102
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Figure 4.

Cobalt (II) 2,4-Pentanedione Complex.
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\I
1\

--Co--0--0

II

0
(I)

Intermediate

(I)----+

COOH

R1 and R2 are

H, OMe, or OH

Scheme 8.

The Oxygenation of 3-Hydroxyfl avones to Give the
Corresponding Depsides.
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Chemical studies on biological

oxygenations 101 '

activation process as well as reactions of

103

~5

dioxygenases,

focus on the
106

~9

such as

tryptophan 2,3-dioxygenase which catalyzes the oxidative cleavage of
the

heterocyclic

transient

ring

02-complex

of tryptophan to give formylkynurenin.
is

A

formed with the substrate by tryptophan

2,3-dioxygenase,

which

contains

protoheme

IX,

as

the

reaction

intermediate. 110

A chemical model for the enzyme reaction is provided

by photosensitized oxygenation of tryptophan and related indoles,
which cause similar types of
Work

on

models

degradation.

110

~11

for quercetinase 101 and pyrocatechase 105 has

provided more information about model metal complex-catalyzed oxygenation in which both atoms of molecular oxygen are incorporated into the
substrate molecules giving a single product.
A nonenzymic mode 1 meta 1 camp 1ex-catalyzed oxygenation for the
reaction of tryptophan 2,3-dioxygenase is provided by bis(salicylidene)

ethylenediaminatocobalt (II) [Co(salen)] which catalyzes the

oxygenation

of

3-substituted

indoles

to

give

the

corresponding

o-formylaminoacetophenone derivatives in good yields [Eq. (18)]. 112
0
II

CH 3
H

®-catalyst
02

@:(-CH3
N-C-H
I II
H 0

(18)
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In the current study,

optimization of the reaction conditions

given by Idoux, et a 1. , 6 was carried out.

The cob a 1t was camp 1exed

into the polymer-bound Co-salen and Co-BAE and then reaction (18)
carried out to determine their catalytic activity.
A number of reaction variables were attempted,
synthesis

of

an

additional

complex

functional

including the

group using methyl

malonamide instead of malononitrile for the preparation of the first
step, in the building of the complex.
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EXPERIMENTAL

Equipment and Methodology
In order to prepare the polymer-bound catalyst, chloromethylated
polystyrene

is

reacted

with

rna l ononi tri l e

carbani on

dinitrile

was

then

yield

a

polymer-bound

dinitrile.

The

corresponding

diamine

condensed

and

to

to produce a

reduced
Schiff

to

the

base.

To

complete the preparation of the catalyst, cobalt was comp l exed into
the functional

group. 6

and

specific

10.

The

instruments

used

The reaction sequence is shown in Schemes 9
chemicals

used

in the analysis are

in

the

reactions

listed in Tables

I

and

the

and II,

respectively.

Preparation of I (Polystyrene Malononitrile)
Approximately 5.0 g of previously dried polymer was placed in a
500 ml round bottom flask.

A 20 fold excess of malononitrile (9.14 g

when a 1.33 meq Cl/g polymer was used and 27.10 g when a 4.09 meq Cl/g
polymer was used) in 75 ml of DMSO was then added and the solution
allowed to

stir.

In a separate erlenmeyer flask,

75 ml of DMSO,

containing an additional 20 fold excess of malononitrile and a slight
excess of the stoichiometric amount of NaH (compared to the amount
of polymer present), was heated to 80°C while stirring for one hour.
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NaH, DMSO
®@-CH2Cl

CH 2 (CN) 2

G

HOO~

H00G

OH

OH
III

G
G

III

Co(OAc) 2
N2

DMF

G

Scheme 9.

Preparation of IV [Polystyrene 2(bis-salicylaldehyde)
propylene-1,3-diimine].
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H3C" ~C" ~CH 3

c

c

"cH 2 -N

OH

c

c

II
/CH2-N
CH 2 -CH
II

H3~

I
OH

I

c~ "cH3

v

Scheme 10.

Preparation of V [Polystyrene 2(bis-2,4-pentanedione)
propylene-1,3-diimine].
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TABLE I
SPECIFICATIONS OF CHEMICALS AND REAGENTS

Chemicals Used in the Reactions and Clean Up
Absolute Ethanol - Reagent Grade.
Acetone: Matheson Coleman & Bell, Catalog #AX0120, ACS Reagent Grade,
1981.
Acetonitrile (99%):

Fisher Scientific Co., Lot #706178.

Adogen 464-[methyltrialkyl(C 8 -C 10 )-ammonium chloride]:
cal Co., Catalog #85657-6, 1981.
Ammonia:
Argon:
Benzene:

Aldrich Chemi-

Airco, Inc.
Airco, Inc.
Fisher Scientific Co., Catalog #B-243, ACS Reagent Grade.

Borane-Tetrahydrofuran Complex (1M):
#17,619, Lot #9117PE, 1981.
5-Bromosalicylaldehyde:

Aldrich Chemical Co., Catalog

Pfaltz & Bauer, Inc., Lot #B24670.

Calcium Chloride, Anhydrous:

J.T. Baker Chemical Co., Lot #35022.

Cobalt Acetate Tetrahydrate:
Lot #DH 0304CH, 1981.

Aldrich Chemical Co., Catalog #20,839-6,

18-Crown-6:
1981.

Aldrich Chemical Co., Catalog #18,665-1, Lot #LD 071097,

1,1-Dichloroethane: Aldrich Chemical Co., Catalog #06,155-5, Lot
#HE 102087, 1981.
Diethyl Malonate (99%):
1981.

Aldrich Chemical Co., Catalog #09,775-4,

Diethyl Methylmalonate (99%): Aldrich Chemical Co., Catalog #12,613-6,
Lot #JE 081677, 1981.
N,N-Dimethylformamide (99%): Aldrich Chemical Co., Catalog #015,855-0,
Lot #TC 120187, 1981.
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TABLE I
(Continued)
Dimethyl Sulfoxide (99+%):
Lot #ME 0624LE, 1981.

Aldrich Chemical Co., Catalog #M8,180-2,

95% Ethanol - Reagent Grade.
Hydrochloric Acid:
Grade.
Iodomethane:
1981.

Mall i nckrodt, Inc. , Lot #2612-6, ACS Reagent

Aldrich Chemical Co., Catalog #1-850-7, Lot #JE 0416,

Magnesium Sulfate, Anhydrous:
Reagent Grade, 1981.

Mallinckrodt, Inc., Catalog #6192, ACS

Mal on ami de (97%): Aldrich Chemical Co. , Catalog #12, 953-3, Lot
#PC 111677, 1981.
Malononitrile (99%): Aldrich Chemical Co., Catalog #M 140-7, ACS
Reagent Grade, 1981.
Merrifield Resin (1.04 meq Cl/g): Lab Systems, Inc., Lot #PPMR-27G,
Chloromethylated 200-400 mesh with 1% DVB.
Merrifield Resin (1.33 meq Cl/g): Bio-Rad Labs., Biobeads S-X1
'
Chloromethylated 200-400 mesh, Lot #21317.
Merrifield Resin (4.04 meq Cl/g): Bio-Rad Labs. , Biobeads S-X1,
Chloromethylated 200-400 mesh, Lot #17271.
Merrifield Resin (4.40 meq Cl/g): Bio-Rad Labs. , Biobeads S-X1,
Chloromethylated 200-400 mesh, Lot #20798.
Merrifield Resin (4.03 meq Cl/g): Bio-Rad Labs. , Biobeads S-X1,
Chloromethylated 200-400 mesh, Lot #21785.
Methanol:

Fisher Scientific Co., Catalog #B-414, ACS Reagent Grade.

3-Methyl Indole (98%):
#PC 082477, 1979.

Aldrich Chemical Co., Catalog #M5,145-8, Lot

Manganese (II) Acetate Tetrahydrate (99+%): Aldrich Chemical Co.,
Catalog #22,100-7, Lot #TE 5405CE, 1981.
Methylene Chloride:
Grade, 1981.

Mallinckrodt, Inc., Catalog #4877, ACS Reagent
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TABLE I
(Continued)
Nitrogen:
Oxygen:

Airco, Inc.
Airco, Inc.

2, 4- Pentanedi one ( 98%):
1981.
Petroleum Ether:
Grade, 1981.

Matheson Coleman & Bell , Catalog #PX210,

Mall inc krodt, Inc. , Catalog #4980, ACS Reagent

Potassium Carbonate, Anhydrous: Fisher Scientific Co., Catalog #P-208,
Lot #765226, ACS Reagent Grade, 1981.
Potassium Cyanide:

J.T. Baker Chemical Co., Lot #34863.

Salicylaldehyde (98%):

Dow Chemical Co., Lot #12089.

Sodium: Matheson Coleman & Bell, Catalog #SX0240, ACS Reagent Grade,
1981.
Sodi urn Hydride (99%):

Al fa Products, Stock #87846, Lot #032174.

Sodium Hydroxide (98.6%):
Reagent Grade.
Tetrahydrofuran (99.5%):
#HE 6522AE, 1981.

Mallinckrodt, Inc., Lot #7708-5, ACS
Aldrich Chemical Co., Catalog #14,722-2, Lot

44
TABLE II
CHEMICALS AND INSTRUMENTS USED IN ANALYSIS

Acetone-d 6 (99.5%):

Aldrich Chemical

Chloroform-d (99.6+%):

Co.~

Catalog #18,597-3, 1981.

Aldrich Chemical Co., Catalog #17,593-5, 1981.

Dimethyl Sulfoxide-d 6 (99.9%): Aldrich Chemical Co., Catalog #15,187-4,
1981.
Elemental Analysis of Cl and N Performed by Robertson Laboratory; 73
West End Avenue, Florham Park, New Jersey 07932.
Elemental Analysis of Co Performed by Galbrith Laboratories, Inc.,
P. 0. Box 4187-Lonsdale, 2323 Sycamore Drive, Knoxville,
Tennessee 37921.
Infrared Spectrometer - Perkin Elmer 457 - Grating Infrared Spectrophotometer.
Nuclear Magnetic Resonance Spectrometer - 60 Hz EM-360A Varian.
Potassium Bromide:

Fisher Scientific Co.

Thomas Hoover Capillary Melting Point Apparatus - Catalog #6406-K.
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The mixture was then coo 1ed, added to a pressure-equa 1 i zed dropping
funnel, attached to a Claisen adaptor which, in turn, was attached to
the 500 ml round bottom flask containing the polymer and DMSO.
wise

addition

of

the malononitrile anion

Drop-

solution to the polymer

solution was carried out over a period of one hour.

After addition

was complete, the Claisen adaptor and dropping funnel were removed and
replaced by a Friedrich condenser and the entire solution was allowed
to react at room temperature for 168 hours.
The polymer was co 11 ected on a medi urn fri tted glass fi 1ter and
washed successively with the fo 11 owing reagents unt i 1 each washing
appeared colorless:
deionized H2 0,

deionized H2 0, 5% HCl, deionized H2 0, 5% NaOH,

95% ethane 1 , benzene and methane 1.

The polymer was

then continuously washed in a soxhlet extractor for 12 hours using
approximate 1y 250 ml of abso 1ute ethane 1 ,
vacuum

dessicator

at

80°C

for

24

fo 11 owed by drying in a

hours.

Elemental

analysis and

infrared spectra (KBr pe 11 et) were used to determine the degree of
substitution.

Preparation of II (Polystyrene Diamine)
Polymer
p 1aced

I,

60 ml of tetrahydrofuran,

in a 250 ml round bottom flask.

with nitrogen,
stoppered1 1 3

15 ml
and the

of

1 M BH 3 ·THF

and a stirring bar were
The flask was then purged

added,

the

flask

repurged,

so 1uti on vigorously stirred for 3 days.

The

polymer was

co 11 ected on a medi urn fri tted glass fi 1ter and washed

successively

with

the

following

reagents:

deionized H2 0 (100 ml),
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dilute HCl
(100 ml).

(100 ml),

H2 0 (100 ml),

dilute NaOH (100 ml) and H2 0

The washed polymer was placed in a vacuum dess i cator at

100°C for 48 hours to ensure dryness.

Infrared spectra (KBr pellet)

was used to determine if reduction had occurred.

Preparation of III and V (Polystyrene Diimine)
Polymer II, a 2 fold excess of the stoichiometric amount of the
condensing agent, sa 1 i cyl a 1de hyde (I I I) or 2, 4-pentanedi one (V), and
100 ml of benzene were added to a 250 ml round bottom flask equipped
with a Dean-Stark trap.

The solution was then stirred at reflux for

19 hours.
The polymer was co 11 ected on a coarse fri tted glass fi 1ter and
washed successive 1y with the fo 11 owing reagents unt i 1 each washing
appeared colorless: 95% ethanol, benzene, 95% ethanol, deionized H2 0,
10% HCl, deionized H2 0, 10% NaOH, deionized H2 0, 95% ethanol and
methanol.

The washed polymer was p1aced in a vacuum dess i cator at

80°C for 24 hours.

Preparation

of

IV

Infrared spectra (KBr pellet) was then taken.

[Polystyrene bis(salicylaldehyde)

diiminato Cobalt (II)] and VI [Polystyrene

propylene-1,3-

bis(2,4-pentanedione)

propylene-1,3-diiminato Cobalt (II)]
Approximately 80-100 ml of previously dried and degassed (with
argon) DMF was placed in a 250 ml round bottom flask.

A solution of

2. 0 g of NaOH in 2 ml of degassed water was degassed, added to the
round bottom flask along with 2.0 g of cobalt acetate tetrahydrate,
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and the so 1uti on stirred for 15 minutes under an argon atmosphere.
Two grams of Polymer III, V or IX were then added and the solution was
brought to a mild reflux and stirred overnight.
The polymer was co 11 ected on a coarse fri tted glass fi 1ter and
washed successively with the following degassed solvents: DMF, H2 0 and
MeOH.

The original filtrate was collected and set aside.

The cobalt

polymer was dried in a vacuum dessicator at 80°C for 24 hours and sent
for cobalt analysis.

Oxidation of 3-Methyl

Infrared spectra (KBr pellet) was also obtained.

Indole Using

the Polymer Supported Cobalt (II)

Catalysts IV, VI and X
The procedure used was that reported by Nishinaga. 112

One gram

of 3-methyl indole was dissolved in 80 ml of dry, degassed (argon and
oxygen) MeOH and the mixture placed in a 125 ml erlenmeyer flask.

The

flask was wrapped with aluminum foil and 1.0 g of Polymer IV, V or IX
added.

While the mixture was stirred at room temperature, oxygen was

bubbled through the solution for 5 hours.
At the comp 1et ion of the reaction, the polymer catalyst was
co 11 ected on a coarse fri tted glass fi 1ter and washed with 50 ml of
previously

dried

and

degassed MeOH.

The collected filtrate was

concentrated in vacuo to remove the MeOH and the remaining brown
crysta 11 i ne so 1 i d recrysta 11 i zed from petro 1eum ether.
then obtained on the recrystallized solid.

An NMR was

The polymer catalyst was

washed with deionized H2 0, and again with MeOH, and then placed in a
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heated vacuum dessicator at 80°C.

All washings and filtering of the

polymer catalyst were done under an argon atmosphere.

Synthesis of Methyl Malononitrile
Johnson,

Markham,

and

Pri ce 114 have reported the synthesis of

3-methylpentane-2,4-dione via the following reaction:

(19)

Further studies by Roe and Harbri de 115 revea 1ed that the amount of
dial kyl at ion product was

reduced 5-10% when the reflux period was

shortened to 4. 5 hours, and the work-up changed by adding 250 ml of
petroleum ether to the cold reaction mixture before filtering.

In

addition, the solids were washed with a 1: 1 mixture ·of acetone and
petroleum ether.
The procedure described above was used with malononitrile.
A mixture of 16.5 g (0.25 mole) of malononitrile, 19.1 ml (0.31
mole)

of methyl

iodide,

32.5 g (0.23 mole)

of anhydrous potassium

carbonate and 48.1 ml (0.59 mole) of acetone were placed in a 250 ml
round bottom flask fitted with a Friedrich condenser and a ca 1ci urn
chloride drying tube.
for 4. 5 hours
round

bottom

The mixture was heated to reflux while stirring

and then coo 1ed to room temperature.
flask,

125 ml

To the 250 ml

of

petroleum ether was added and the

reaction mixture vacuum filtered.

The insoluble solid was washed with

200 ml of a 1:1 mixture of petroleum ether and acetone.
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The combined filtrate and washings were placed in a 500 ml round
bottom flask and concentrated in vacuo to remove the ether and
acetone.

The

remaining

residua 1 oi 1 (dark brown in co 1or) was

distilled to yield approximately 15 ml of a clear,
liquid.

light yellow

An NMR was obtained of the final distilled product.

The above synthesis was again carried out using a 20 fold excess
of malononitrile.

An NMR was again obtained for the final product.

In addition to the above synthesis of methyl malononitrile, the
following reaction has been reported by Cook, Bowers, and Liotta. 116

18-Crown-6
(20)
CH 3 CN
Based on the above reaction, the fa 11 owing reaction was attempted
using 1,1-dichloroethane:

18-Crown-6
KCN + CH 3 CHC1 2

(21)

CH 3 CN

In a 250 ml erlenmeyer flask, 4.4 g of 18-Crown-6 were added to
110 ml of previously dried CH 3 CN and the mixture stirred at room
temperature until all of the 18-Crown-6 had dissolved.

1,1-Dichloro-

ethane (19.8 g, 0.200 mole) was then added to the stirring solution.
Dried potassium cyanide (52 g, 0.80 mole) was placed in a 250 ml round
bottom flask and the crown ether/dichloroethane mixture then added.

A
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Friedrich condenser and a calcium chloride drying tube were attached
and the mixture vigorously stirred at reflux for 48 hours.
The reaction mixture was cooled to room temperature, filtered,
and the filtrate concentrated in vacuo to approximately 1/3 of its
original

volume.

Ninety

milliliters of water were added and the

mixture was extracted five times with 50 ml portions of previously
dried

methylene chloride.

The combined extracts were placed over

anhydrous magnesium sulfate for 1 hour.

The mixture was then filtered

and the methylene chloride removed in vacuo.

The remaining solid was

orange-brown in color and an NMR was obtained of this material.

Synthesis of Methyl Malonamide
Preparation
similar

to

of

methyl

malonamide

monoalkylaton

conditions

was
for

attempted
malonic

via a method
esters

[Eq.

(22)].117,118

(22)

The above reaction was carried out in three steps.
Two hundred and fifty mi 11 i 1 i ters of previously dried abso 1ute
ethanol

were

placed

in a three-necked,

equipped with a stirring motor,
chloride drying tube.

500 ml round bottom flask

Friedrich condenser and a calcium

Approximately 6 g of metallic sodium was added
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in small p1eces with intermittent stoppering of the third neck after
addition.

The solution was not stirred until all of the sodi urn had

dissolved.
To prepare the sodium salt of malonamide, approximately 25 g of
rna l on ami de was added in small portions to the 500 ml round bottom
flask

containing

ethyl

alcohol

and

sodium

ethoxide,

again

with

stoppering after additions.
Sixteen milliliters of methyl iodide were added in a dropwi se
manner over a period of approximately 5 minutes and the resulting
solution refluxed for 2 hours.
A white solid was collected, washed with water, dried and an NMR
and melting point obtained.

The original filtrate was concentrated in

vacuo and the collected white solid washed with ethyl ether to remove
any traces of ethanol , dried and an NMR and me 1t i ng point obtai ned.
The following reaction uses the same procedure that was reported
by Russell 11 9

to prepare diamides similar in structure to methyl

malonamide.

NH 3 , MeOH
NaOMe

CH 3 CH(CONH2)2

(23)

In a 500 ml erlenmeyer flask, approximately 0.2 g of metallic
sodi urn was di sso 1ved in 200 ml of previously dried methano 1 and the
solution cooled to 0°C.

The solution was saturated with ammonia,

using a fritted glass bubbler attached to an ammonia tank, and 20 g of
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diethyl methylmalonate, dissolved in 100 ml of methanol, added.

The

solution was stoppered and all owed to stand at room temperature for
96 hours.
The solution was filtered, the collected solid dried and an NMR
and melting point obtained.

The filtrate was concentrated in vacuo to

remove the methanol , the co 11 ected white so 1 i d dried and an NMR and
melting point obtained.
In addition to the above preparation of methyl rna l on ami de, the
following reaction was also attempted:

(24)

NaOH

In a 125 ml erlenmeyer flask, 15 g (0.147 mole) of malonamide
was dissolved
addition
solution.

of

in 90 ml of dimethyl
a

stoichiometric

sulfoxide, followed by dropwise

amount

of

a

50%

sodium

hydroxide

The erlenmeyer flask was stoppered and the solution stirred

for 15 minutes.

The flask was then cooled to 0°C while a stoichio-

metric amount of methyl

iodide was added dropwi se.

The flask was

stoppered and the mixture was allowed to stir overnight.
The

resulting precipitate was collected, dried and an NMR and

melting point obtained.
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Preparation of VII (Polystyrene Methyl Malonamide)
The

procedure

used to prepare polystyrene methyl

malonamide

(Scheme 11) was similar to that described earlier for preparation of
polystyrene malononitrile.
Approximately 5.0 g of previously dried polymer was placed in a
250 ml round bottom flask containing 100 ml of DMSO.

A stoichiometric

amount of methyl malonamide was added to a 125 ml erlenmeyer flask
which contained 50 ml of DMSO and a slight excess of NaH over the
stoichiometric

amount.

The

solution was

heated to 80°C for 30

minutes, added to the round bottom flask containing the polymer and
then stirred at 80°C for 24 hours.
At the end of the reaction, the polymer was collected on a coarse
fri tted glass filter and washed in the same manner as described for
Polymer I, with the exception that the soxh let extractor was not
emp 1oyed.

The polystyrene methyl rna l onami de was dried in a vacuum

dess i cator overnight at 80°C.

Elemental analysis of Cl and N were

obtained along with infrared spectra (KBr pellet).

Preparation of VIII (Polystyrene Methyl Diamine)
Polymer VI and 60 ml of tetrahydrofuran were placed in a 250 ml
round bottom flask.

The flask was purged with nitrogen and 15 ml of

1 M BH 3 • THF added.

The mixture was then stirred under nitrogen, at

reflux, for 24 hours.
The polymer was co 11 ected and washed in the same manner as
described for Polymer II.
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VII

G

IX

G
G

IX

Co(OAc) 2

N2 DMF

G

Scheme 11.

Preparation of X [Polystyrene 2(bis-salicylaldeehyde)
2-methyl propylene-1,3-diimine].
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The remaining procedures

used to prepare the Schiff base and

catalyst are i dent i cal

to those described for Polymers I I I

cob a 1t
and IV.
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RESULTS AND DISCUSSION

Combustion Analyses
Data
Combustion ana lyses for the ch 1oromethyl a ted polystyrenes are
listed in Table III.

Calculations to determine the percent substitu-

tion for polystyrene malononitrile were carried out as follows and the
values are reported in Tables IV and V.
Example:
3.97% Cl corresponds to 0.0397 g Cl/g polymer
1000 meq
1 eg
0. 0397 g Cl x - - - - - x - - - - - = 1.12 meq Cl
35.45 g Cl
1 eq
1.32 meq Cl in original polymer sample (Table III)
-1.12 meq Cl from analysis
0.20 meq Cl reacted

The percent of ch 1oromethyl a ted polystyrene which reacted is:
0.20 meg Cl reacted
o = 15 2%
1. 32 meq Cl in original sample x 10
· o
0.52% N corresponds to 0.0052 g N/g polymer
1 eq

0. 0052

g

NX

1000 meq
----- x ---14.01 g N
1 eq

= 0.371

meq N

For the undesired disubstituted produce to occur (Figure 5), a 1:1
reaction ratio wi 11 occur between Cl and N.

The fo 11 owing equation

was used to determine this ratio called the substitution factor

ct.
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TABLE III

REPORTED POLYMER LOADING VALUES BY COMPANIES
AND THE CORRESPONDING VALUES OBTAINED FROM
CHLORINE COMBUSTION ANALYSIS

Company

Polymer
Load
(meg Cl/g Polymer)

Combustion
Analysis
(meg Cl/g Polymer)

Lab Systems, Inc.

1.04

1.33

Bio- Rad Laboratories

4.04

4.13

Bio-Rad Laboratories

1.33

1.45

Bio-Rad Laboratories

4.40

4.09

Bio-Rad Laboratories

4.03

4.06
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Figure 5.

Disubstituted Polystyrene Malononitrile.
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a = reported meq N from the combustion analysis - disubstituted N
(meq Cl reacted)
Using the equation, a in the given example will be:
a=

0.371- 0.20 = 0.171

The substitution factor was used to ca 1cul ate the percent mono substitution by dividing by the meq Cl reacted and multiplying by 100.

~:~~ 1 x 100

= 85.5% monosubstitution

Combustion analysis was also obtained for the polystyrene diimine
from the reaction of 5-bromosa 1i cyl a 1de hyde with polystyrene di amine
products #3A and #4A (Scheme 12).
81 (1.04 meq Cl/g polymer)
1000 meq

eq
0.1290 g Br x

X

eq

79.90 g

1000 meq

eq
0.0085 g N X

X

eq

14.01 g

= 1.614

meq 8r

= 0.6067

meq N

= 1.321

meq Br

2.66 Br to 1 N
82 (4.09 meq Cl/g polymer)
eg
0.1056 g Br x
79.90 g

0.0345 g N X

eg
14.01 g

X

X

1000 meg
eq
1000 meg
eq

1.86 N to 1 Br

= 2.46

meq N
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HOOC

HO=@-Br

+

Benzene
Reflux
19 Hours

Br
H

cII

~CH2--N

OH

CH2-CH

"cH 2 -NII

OH

c

H

Br

Scheme 12.

Preparation of Polystyrene 2(bis-5-bromosalicyaldehyde)
propylene-1,3-diimine.
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Preparation of I (Polystyrene Malononitrile)
The results of this section are shown in Tables IV and V.

In

Table IV, the malononitrile concentration was varied from a 10 fold
excess to a 100 fold excess for both of the 1.04 meq Cl/g polymers and
the 4. 04 meq Cl/g polymers.

The same reaction conditions were used

for all reactions listed in Table IV, with only minor variations in
the reaction procedures which are 1i sted in the footnotes.

From the

results of the combustion analysis, the 20 fold excess of malononitrile demonstrates the best percent of monosubstitution in accordance
with the percent reaction.
Monosubstitution appeared greatest in the 1 meq Cl/g polymer,
product #3, but the percent overall reaction was only 15.2%.

A repeat

of the reaction was done with a variation in the malononitrile anion
addition, which gave product #3A with a better percent reaction, but a
20 . 9% monos ubs t i t uti on .

The react i on was aga i n repeated us i ng a 20

fo 1d excess of rna 1ononi tri 1e in the 500 ml round bottom flask, in
addition to the 20 fold excess of malononitrile anion that was added
dropwise.

Addition of the anion was carried out in two parts due to

an experimental error which occurred.

The addition was conducted in a

dropwise manner over a period of 1 hour and, in the case of product
#23, approximately 25 ml of solution was added in 20 minutes and the

rest of the so 1uti on droppered in over a 40-mi nute period 24 hours
later.

This

resulted in 0% N being reported in the combustion

analysis and only a 10.6% reaction.

The reaction was repeated to

avoid the two-part addition using the 1.33 meq Cl/g polymer.

Again

lOOX
lOOX

4.13

1.32

4.13

1.32

4.13

1.32

4.13

1.32

4.13

1.32

6

19

20

3

4

17

18

13

14

3A

20X

50 X

50 X

20X

20X

lOX

lOX

None

None

1.32

5

Concentration of
Malononitrile

Polymer
Load

Product
Number

160

168

168

154

154

168

168

154

154

168

168

Time
Hours

1, 6
2' 5' 6
2' 5' 6

0
90.9
89.6
15.2
81.8

100% Disub.
31.1% Monosub.
69.9% Disub.
85.6% Monosub.
14.4% Disub.
39.6% Monosub.
60.4% Disub.

50.6

7.1

---20.9% Monosub.
79.1% Disub.

0

0
NR

NR

NR

NR

8.3

1, 6

0

NR

5' 6

2, 4, 5, 6

2, 3, 5, 6

2, 3, 5, 6

2, 3, 5, 6

2' 5' 6

2' 5' 6

Footnotes

Percent
Substitution

Percent
Reaction

EFFECTS OF CONCENTRATION OF MALONONITRILE IN PREPARATION OF POLYSTYRENE MALONONITRILE
AT ROOM TEMPERATURE

TABLE IV

(J')
£'\.)

7

7
7

168
168
168

20X
20X
20X

4.09

4.09

4.09

28

30

32

Reaction run to check polymer reactivity with only DMSO.

In the experimental procedure, the erlenmeyer flask containing 20X malononitrile,
a slight excess of NaH, and DMSO was not heated. Instead, the solution mixture was
allowed to stir for 20-30 minutes and then the entire amount added to the 500 mL round
bottom flask containing DMSO and polymer.

Combustion analysis reported 0% N in sample.

2.

3.

11.3

1.

Footnotes

NR

3

162.5

20X

1.32

27

44.4% Monosub.
55.6% Disub.

71.4

149.5

20X

3

10.6

4.09

NR

24

205

20X

1.32

5, 6

57.7

23

24.4% Monosub.
75.6% Disub.

160

20X

4.13

Footnotes

Percent
Reaction

4A

Percent
Substitution

Concentration of
Malononitrile

Polymer
Load-

Product
Number

Time
Hours

(Continued)

TABLE IV

w

(J')

Combustion analysis reported a value greater than the amount of meq Cl/g polymer that
reacted, which would result in several hundred percent monosubstitution.

The 500 ml round bottom flask did not contain 20X excess of malononitrile as listed
in the experimental procedure.

The soxhlet extractor was not used as the final washing of the product.

No combustion analysis requested.

4.

5.

6.

7.

Footnotes

(Continued)

TABLE IV

en
..p..

25
36
36

Stoich.

S1. Ex.

S1. Ex.

4.13

1.32

4.13

1.32

4.13

8

9

10

15

16

45.9
92.2

100% Disub.
100% Disub.

None
None

1, 2, 5, 6

1, 2, 5, 6

2, 3, 5, 6

In the experimental procedure, the erlenmeyer flask containing 20X malononitrile,
a slight excess of NaH, and DMSO was not heated. Instead, the solution mixture was
allowed to stir for 20-30 minutes and then the entire amount added to the 500 mL round
bottom flask containing DMSO and polymer.

168

168

40

U1

0""1

2, 3, 4, 5, 6

40

2.

Footnotes

89.8

35.5% Monosub.
64.5% Disub.

""lg

2, 3, 5, 6

2, 3, 5, 6

2' 5' 6

Footnotes

161.7

161.7

235.5

Time
Hours

A stoichiometric amount of malononitrile was used in the reaction instead of 20 fold excess.

25

34.1

""lg

NR

54.7

100

Percent
Reaction

82.6

100% Disub.

100% Disub.

Percent
Substitution

29.1% Monosub.
70.9% Disub.

""lg

""lg

None

Phase
Transfer
-

1.

lOX

25

25

Stoi ch.

1.32

7

lOX

37

S1 . Ex.

1.32

21

oc

Temp.

NaH

Polymer
Load

Product
Number

EFFECTS OF TEMPERATURE AND PRESENCE OF PHASE TRANSFER CATALYST IN THE PREPARATION OF
POLYSTYRENE MALONONITRILE

TABLE V

The phase transfer catalyst was added directly to the 500 ml round bottom flask
after the malononitrile was added.

Combustion analysis reported 0% N in samples.

The 500 ml round bottom flask did not contain 20X excess of malononitrile as listed
in the experimental procedure .

The soxhlet extractor was not used as the final washing of the product.

3.

4.

5.

6.

Footnotes

(Continued)

TABLE V

0')
0')
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the polymer gave combustion ana lyses reports of 0% N, which corresponded to 0% substitution (product #27).

These results show that

difficulty was experienced conducting reaction I using the 1 meq Cl/g
polymer, and further reactions were conducted using only the 4 meq
Cl/g polymer.

It should also be noted that the overall percent

reaction for products #23 and #27 were 10.6% and 11.3%, respectively.
Using the dropwi se addition technique and a 20 fo 1d excess of
malononitrile in the 500 ml round bottom flask, gave the best percent
monosubstitution for the 4 meq Cl/g polymer product #24 (Table IV),
with a 71.4% reaction.
The color of the 1 meq Cl/g polymer, after reaction I was carried
out, appeared tan while the 4 meq Cl/g polymer had a burnt-orange
co 1or in appearance.

The washing procedure used in a 11 reactions,

except products #23 and #24 which used a fi na 1 washing of abso 1ute
ethanol for 12 hours in a soxh1et extractor, removed most of the color
of both the 1 meq Cl/g polymer and the 4 meq Cl/g, leaving only slight
discolorations.

Although

the

color was

probably

due

to

excess

malononitrile being present, it was essential that all excess material
was removed from the polymer bead to prevent inaccurate combustion
analysis reports.
employed.

This was the reason why the soxhlet extractor was

It produced good results after 12 hours of refluxing.

During the washing procedures it should also be noted that, when the
polymer was

found to swell

considerably while being washed with

benzene, the combustion analysis always revealed poor monosubstitution
had occurred.
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In addition to the quantitative measures provided by the combustion ana lyses, infrared spectra ana lyses should determine what group
substituted on the polymer. Ideally, the chlorine bonds at 1260 cm-l
and 800-950 cm- 1 will disappear, while a nitrile stretch at 2200 cm- 1
wi 11 appear.

Due to the strong absorption of the polymer backbone,

almost all of the absorptions except the strongest were obscured.

The

infrared spectra analyses are given in Table VI.
The only great disagreement between the infrared spectra analyses
and the combustion analyses were found in product #14. The IR spectra
showed medium absorption at 2200 cm- 1 indicating that monosubstitution
had occurred, while the combustion analysis showed results inconsistent with the calculation procedure.

Only a 7.1% reaction occurred

which indicated that a very low percent of monosubstitution had taken
place.
The effect of temperature and presence of phase transfer catalyst
on the percent monosubstitution were also investigated.
are listed in Table V.

The results

Using room temperature and approximately 1 g

of Adogen, as in the case of products #7 and #8, resulted in increased
percent reactions

but also

increased the undesired disubstitution

product over the desired monosubstitution.

Increasing the temperature

to 36°C, with approximately 1 g of Adogen present, while lowering the
reaction time to 40 hours, produced a 34.1% reaction on the 1 meq Cl/g
polymer (product #9) with a 0% N combustion analysis and a 89.8% reaction on the 4 meq Cl/g polymer (product #10) with a 35.5% monosubstitution occurring.

Even though product #10 showed a good percentage of
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TABLE VI
EXPERIMENTAL INFRARED SPECTRA DATA FOR THE PREPARATION
OF POLYSTYRENE MALONONITRILE
Product
Number

Polymer
Load

C:::N
2200 cm- 1

Cl
1260 cm- 1
800-950 em

3

1.32

medium

medium

4

4.13

slight

slight

5

1.32

none

strong

6

4.13

none

strong

7

1.32

none

medium

8

4.13

none

slight

9

1.32

none

slight

10

4.13

slight

slight

13

1.32

none

strong

14

4.13

medium

medium

15

1.32

none

strong

16

4.13

strong

slight

17

1.32

none

strong

18

4.13

none

strong

19

1.32

none

medium

20

4.13

slight

medium

21

1.32

none

slight

3A

1.45

slight

medium

4A

4.09

slight

medium

23

1.45

slight

strong

1
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TABLE VI
(Continued)
Product
Number

Polymer
Load

C:::N
2200 cm- 1

Cl
1260 cm- 1
800-950 em

24

4.09

strong

medium

27

1.45

slight

strong

28

4.09

strong

strong

30

4.09

strong

slight

32

4.09

strong

slight

1

71
monosubstitution,
conditions

it

did

not

provide

results

as

good

as

those

used to produce product #4 which had a 1ower percent

reaction and a greater amount of monosubstitution.

From these results

it was concluded that even though Adogen, a phase transfer catalyst,
increased the reaction, it did not increase the desired monosubst ituted product, even when increased temperature was also used.
In addition to those reactions conducted at increased temperature, a reaction was carried out at 37°C on the 1.32 meq Cl/g polymer
without a phase transfer catalyst for an increased number of hours
(235.5).

The result was product #21, which combustion analysis showed

to be 100% di substituted and infrared spectra analysis confirmed.
Conducting reactions with a 10 fold excess of NaH and a stoichiometric amount of rna 1ononi tri 1e, at room temperature, a 1so produced
100% disubstituted products (#15 and #16).
From the above results, it was concluded that a 20 fold excess of
malononitrile, a slight excess of NaH and reaction at room temperature, without the presence of phase transfer catalyst, produced the
best results.
Using

the

above

conditions

and

the

4.09 meq

Cl/g

polymer,

products #28, #30 and #32 were prepared i dent i cal to product #24.
Combustion analysis was not repeated due to the consistency of the
infrared spectra data.
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Preparation of II (Polystyrene Diamine)
The
section.

reaction

was

carried

out as given in the experimental

Difficulty was experienced in obtaining infrared spectra due

to the presence of water and or other products.

After considerably

more drying at 100°C for 72 hours, the products #3A and #4A were
rewashed using the wash procedure given.
100 ml of acetone and 100 ml of H2 0.

The previous wash used

The acetone may have reacted

with the polystyrene malononitrile creating a poor IR spectra due to
the presence of other products.
for 24 hours,

After redrying the polymers at 100°C

good results were obtained for the 1.45 meq Cl/g

polymer, but difficulty was still experienced on the 4.09 meq Cl/g
polymer.
Since

nitriles

and

amines

have

distinct

bands

in

infrared

spectra, the IR was used to determine if reduction had occurred. The
wide NH stretch around 3120 to 3620 cm- 1 should appear, while the C=N
stretch around 2200 cm- 1 should disappear. The results of the reduced
polystyrene malononitrile products are given in Table VII.
From the results of the IR spectra, only product #24 was found to
have the ni tri 1e group st i 11 present on the polymer.

Products #3A,

#4A, #28, #30 and #32 showed that the nitrile groups were successfully
reduced to the corresponding diamines.

Preparation of III and V (Polystyrene Diimine)
Using the diamine products listed in Table VII, the corresponding
diimine product (III and V, Schemes 9 and 10) were prepared.
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TABLE VII

EXPERIMENTAL INFRARED SPECTRA DATA AND REACTION TIME OF
POLYSTYRENE DIAMINE
Infrared (em -1 )
C:::N
amine
3120-3620
2200

Produce
Number

Polymer
Load

Time
(Hours)

3A

1.45

73.5

none

4A

4.09

73.5

none

24

4.09

24

medium

28

4.09

24

none

30

4.09

24

none

32

4.09

24

none

none

---- spectra analysis too obscure in this region for interpretation
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For di amine products #3A and #4A, the Schiff base was prepared
using 5-bromosalicylaldehyde (Scheme 12) in order to obtain combustion
analysis for Br and N.

In the case of product #3A (1. 04 meq Cl/g

polymer), a ratio of 2.66 Br to 1 N was calculated, while the ratio
for product #4A (4.09 meq Cl/g polymer) was 1.86 N to 1 Br.

Ideally,

1 N to 1 Br ratio waul d indicate that 100% conversion of the monosubstituted polystyrene di amine had occurred.

Therefore, the result

obtained for the 4.09 meq Cl/g polymer indicates that 53.2% conversion
had occurred.

The result obtained for the 1.04 meq Cl/g polymer was

puzz 1 i ng at best but may be due to the lower amount of the desired
monosubstituted di amine being present when the reaction took place.
Products #24 and #28 were reacted with salicylaldehyde to produce
polystyrene 2(bis-salicylaldehyde) propylene-1,3-diamine (product III,
Scheme 9).
pentanedione

Similarly, products #30 and #32 were reacted with 2,4(acetyl acetone)

to

give

polystyrene

2(bis-2,4-

pentanedione) propylene-1,3-diimine (Scheme 10).
A Dean Stark trap was employed to monitor each of the above
reactions and remove the by-product water.

All products were bright

yellow in color at the completion of the washings.
In addition to the combustion analyses obtained on products #3A
and #4A, infrared spectra were obtained and the results are listed in
1
Table VIII. Loss of the amine peak at 3120-3620 cm- should occur (if
the Schiff base was formed) along with the formation of new peaks at
1616-1637 cm- 1 and 1280 cm- 1 due to the carbon=nitrogen stretch, and
the phenolic carbon-oxygen stretch, respectively.
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TABLE VIII

EXPERIMENTAL INFRARED SPECTRA DATA AND REACTION TIME
OF POLYSTYRENE DIIMINE
Infrared
C-0
1280

C:::N
2200

shoulder

Sm.

none

none

slight

Sl.

none

23

none

small

Sm.

none

Sal.

23

none

medium

Me d.

none

4.09

Ace.

25

none

small

Sm.

none

4.09

Ace.

25

none

slight

Sl.

Sm.

Product
Number

Polymer
Load

Cond.
Agent

Time
Hours

amine
3120-3620

C=N
1616-1637

3A

1.45

Br-S

19

none

4A

4.09

Br-S

19

24

4.09

Sa 1.

28

4.09

30
32

Br-S

5-bromosalicylaldehyde

Sal.

salicylaldehyde

Ace.

acetylacetone (2,4-pentanedione)
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IR spectra for products #3A and #4A reveal that small amounts of
product are present.

This can be expected considering that after

synthesis of polystyrene malononitrile product #3A and #4A resulted in
only

20.9%

and

24.4%

monosubstitution,

respectively.

If

100%

reduction and 100% conversion to the diimine product had occurred, the
reported polystyrene malononitrile yields would be the maximum amount
of product which would occur and, therefore, reduce the size of the
peaks considerably.
For products #24, #28, #30 and #32 the IR spectra resulted in
increased amounts of absorbances,

which was also expected.

Only

product #24 had combustion analysis performed, but that showed 44.4%
monosubstitution had occurred.

The remaining polymers were reacted

using the i dent i cal conditions as were used for #24 and, therefore,
would be expected to demonstrate the same results.

Hence, as in the

case of products #3A and #4A, the peaks would be greater due to
increased monosubstitution but still less than would be expected if
100% monosubstituted product was present.

Synthesis of Methyl Malononitrile
Modifying the procedure given by Johnson, Markham, and Price 114
resulted in a clear, light yellow liquid product which was identified
[NMR (CDC1 3 )

6 1.8 (s,6H)]

as dimethyl

malononitrile.

The same

reaction was reattempted using a 20 fold excess of malononitrile.
After

distillation,

product was obtained.

approximately 15 ml

of

clear,

yellow

liquid

Examination of the NMR: (CDC1 3 ) 6 1.2 (s), 1. 7
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(d,lH), 2.2 (s,6H) and 3.9 (q,3H), revealed that a small amount of
methyl malononitrile was present, but that the majority of the product
the

contained

starting

material

malononitrile

and

dimethyl

malononitrile.
Modifying the method reported by Cook, Bowers, and Loitta 116
resulted in an unsuccessful attempt at synthesizing methyl malononitrile from 1,1-dichloroethane.

The orange-brown solid recovered from

the reaction was identified by NMR: (Acetone-d 6 ) 6 2. 0 (s) and 3. 6
(s,24H),

as

18-Crown-6.

The synthesis probably resulted in the

formation of the by-product, vinyl chloride, which was lost as a gas
during the reaction.

Synthesis of Methyl Malonamide
Using the method similar to the mono alkylation conditions for
malonic esters, methyl malonamide synthesis was attempted using three
methods, two of which were similar in nature.

The first method used

sodi urn ethoxi de and methyl iodide and resulted in two white solids
being recovered.

The first solid from vacuum filtration was washed

with water and the remaining solid dried.

An NMR was obtai ned,

revealing that only a sma 11 amount of product was synthesized.
solid was also found to have a melting point of 230°C.

The

Concentrating

the filtrate in vacuo resulted in recovery of an additional amount of
white solid with a melting point of 230°C.

An NMR was obtained before

and after washing the so 1 i d with ethyl ether.

Both demonstrated

evidence that the products were mixtures of methyl rna l on ami de and
malonamide, with the majority of the product being the latter.

---- --
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The

second

method,

which

involved

bubbling

ammonia

into

a

so 1uti on of methano 1 , sodi urn methoxi de, and di ethyl methyl rna 1on ate,
proved to be quite successful.

This lead to the recovery of 13.2 g of

a white solid (99% yield) which was identified as the desired product
and a small amount of starting material; lit. mp. 206°C, 12 0 mp 207°C;
NMR (DMSO-d 6 )

o

1.2 (d, J =8Hz, 3H), 3.1 (q, J =8Hz, 1H), and 7.2

(broad d, 4H); IR (KBr) 3200, 2780, 1620, 1150, 1040, 920, 530 and
-1

44 0 cm ; An a 1 . Ca 1c d . for C4 H8 N2 02 : C, 41. 4 ; H, 7 . 00 ; N, 24 . 1 ; 0 ,
27.5.

Found: C, 41.4; H, 7.20; N, 24.4; 0, 27.0.
The third method of preparation which was attempted used a method

similar to that in method two.

The difference being that DMSO and

NaOH were used in place of methanol and sodium.
so 1uti on mixture was orange.

After 24 hours, the

This co 1or turned gradually darker as

the solution stirred for an additional 72 hours.

At the completion of

96 hours of reaction time the so 1i d was fi 1tered from so 1uti on and
placed in a vacuum dessicator to dry overnight.

An NMR was obtained

on both the filtrate and the recovered solid revealing that a minimal
amount of desired product was formed.

Preparation of VII (Polystyrene Methyl Malonamide)
Using the procedure given in the experi menta 1 section, three
preparations of polystyrene methyl rna 1on ami de were attempted.

Only

temperature and time were varied in each reaction and these parameters
are listed with the combustion analysis results in Table IX.

All

. -

-

-

-

-

-

---~~~------------~--
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TABLE IX

CONDITIONS OF REACTION FOR THE PREPARATION OF POLYSTYRENE
METHYL MALONAMIDE AND COMBUSTION ANALYSIS RESULTS.

a.

Product
Number

Temp.

oc

Time
Hours

Percent
Monosubstitution

Percent
Reaction

34

BOa

96

51.7%

100%

36

80

23

51.4%

100%

38

Rm.

144

57.0%

100%

The mixture was heated at 140°C for the first hour of the reaction
and then heated at 80°C for the next 23 hours.
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reactions, after washing, resulted in the recovery of a white polymer
product, which had swelled considerably during the reaction.
Combustion analysis was conducted on all three products (#34, #36
and #38) to determine the amount of desired monosubstituted product
which had occurred.

Products #34 and #36 resulted in 51. 7% and 51.4%

monosubstitution, respectively.

Product #38 was reacted at a 1ower

temperature and for a longer period of time than products #34 and #36,
and resulted in 57.0% monosubstitution being reported.
of

monosubstitution

is

greater

than

the

result

malononitrile at optimized reaction conditions.

This percent

obtained

using

In addition, 0% Cl

was reported for all three products, demonstrating that 100% reaction
had occurred.

This result is also greater than the previous reported

attempts using malononitrile.
Infrared spectra (KBr pellet) revealed a large absorption at
2800-3400 em -l

three products.

demonstrating the presence of ami de groups for all
The remaining spectra showed poor absorptions and

were difficult to interprete.

Preparation of VIII (Polystyrene Methyl Diamine)
Products #34 and #36, Polymer VI I, were reduced in the same
manner that was used for the reduction of polystyrene malononitrile,
Polymer I.

After drying the polymer products, IR spectra (KBr pellet)

were attempted, but were unsuccessful due to the product being very
hygroscopic.
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Preparation of IX (Polystyrene Methyl Diimine)
Polymer VI I I products were condensed with sal i cyl aldehyde to
yield Schiff bases using the identical procedure outlined for Polymer
III.
Product #34 resulted in a dull yell ow polymer being recovered
while product #36 was bright yellow.

Both demonstrated the presence

of water by collection in a Dean Stark trap.

This indicated condensa-

tion of the diamine had occurred.

Preparation of IV, VI and X [Cobalt (II) Schiff Base Catalysts]
The preparation of the cobalt catalyst was carried out as given
in the experimental section resulting in polymer products given in
Table X.
One

salicylaldehyde

pentanedione

Schiff

base

Schiff

base (product #28) and one 2,4-

(product

#30)

had combustion

analysis

performed to determine the amount of cobalt that had complexed.

From

Table X only 14.5% of the cobalt was complexed for product #28 while
product #30 had only 3.8% complexed.

The amount of nitrogen used to

calculate these figures was taken from product #24, which was the only
product which had nitrogen combustion analysis performed after the
initial

polystyrene malononitrile reaction.

As stated previously,

products #28, #30 and #32 were carried out under the same conditions
as product #24 and would be expected to demonstrate the same combustion analysis results.

Therefore, product #24, which is identical to

product #28, and product #32, which is identical to product #30, are
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TABLE X

COMBUSTION ANALYSIS AND REACTION TIME FOR
POLYSTYRENE COBALT (II) SCHIFF BASE CATALYSTS.

Product
Number

Time
Hours

24

15

5.91

NP

28

24

NP

1.81

0.307

14.5

30

15

NP

0.47

0.080

3.8

32

13

NP

NP

34

14

5.92

NP

4.23

36

16

5.85

3.53

4.18

0.599

28.7

NP - Not performed

%N

Analysis
%Co

meg N

meg Co

Percent
Functionalized

4.22
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assumed to show the same amount of cobalt being complexed into their
respective Schiff bases.
Product #36, which was produced using methyl malonamide, demonstrated the highest amount of cobalt camp l exat ion at 28. 7%.

This

indicates that a greater amount of Schiff base was present to accommodate

the

cobalt.

Product #34 did not have cobalt combustion

analysis preform, but was reacted under the same conditions as product
#36 and is expected to show the same results.
A slightly darker color change was noted after drying the cobalt
Schiff base.

This may be the result of premature oxidation.

Oxidation of

3-Methyl Indole Using the

Polymer-Supported Cobalt (II)

Catalysts IV, VI and X
Again, the reaction was carried out as given in the experimental
section.

After removal of the MeOH, an NMR was taken to determine if

any 3-methyl

indole had been oxidized to give o- formyl ami noaceto-

phenone, indicating the presence of an active catalyst.
Only polymer product #28 demonstrated a very slight amount of
oxidized product.

The remaining catalysts were found to be inactive.
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CONCLUSIONS AND RECOMMENDATIONS

One

cobalt

catalyst prepared

demonstrated catalytic activity.

from

polystyrene

malononitrile

The synthesis of a new Schiff base

using methyl rna 1on ami de increases the poss i bi 1i ty of the preparation
of an active catalyst.
It has been shown that the methyl b1ocki ng group, used in the
preparation of polystyrene methyl

malonamide, increased the yield

significantly, which is vital in the preparation of the Schiff base
comp 1ex;

Continued experi mentation is required to determine opt i rna 1

reaction conditions, along with techniques to monitor the preparation
of desired product.
It was further demonstrated that the amount of complexed cobalt
increased with the use of the methyl containing Schiff base.

The

determination of whether the cobalt is in a +2 or +3 oxidized state
wi 11 a 1so increase the 1ike 1i hood of obtaining an active polymersupported Schiff base catalyst.
Investigations

using

the

1.04 meg Cl/g

polymer

and

methyl

malonamide were not conducted and provide another possibility of
synthesizing a Schiff base complex.
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